Introduction 3
Nitrogen is one of the most abundant major elements in the Earth's atmosphere. trap in the samples. Ten ml of the NH4 + -N samples (50 µg-N) was placed in 15 ml tubes 1 and 0.5 g of NaCl (ashed at 450°C for 8 h) was added. Then a single filter pack was 2 added to the 15 ml tube, and 0.03 g MgO (ashed at 450°C for 8 h) was added to convert 3 NH4 + in the samples into NH3. The 15 ml tubes were incubated at 40°C for 2 weeks 4 with stirring at 200 rpm. After incubation, the filter pack was removed from the tubes 5 and dried in a desiccator for 2 days. The dried filter was then recovered and placed in a 6 tin cup. The tin cup containing the filter was then analyzed by an elemental analyzer 7 (EA1110, CE Instruments, Ltd., Wigan, UK) coupled with an isotope ratio mass 8 spectrometer (MAT252; ThermoFisher Scientific KK, Yokohama, Japan) to quantify 
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where RA and RB are the isotopic ratio of phase A and B, respectively.
18
Isotopic fractionation can also be described by the enrichment factor ɛ, which describes 19 the enrichment of the product relative to that of the substrate, and which is also 20 expressed in permil (‰).
21 ɛ = (α -1)×1000 (3)
22
The evolution of the isotopic composition is described by a Rayleigh equation with a 
25
where R and R0 are the isotope ratio of samples just before the turning and of the 26 samples just after the previous turning, respectively. Since the piles were homogenized 27 at each turning event, the amount of ammonium in a sample just after the previous 28 turning event was taken as the "initial" ammonium. reaction rate of the substrate was obtained from equations (3) and (4) as follows:
5
where f is the amount of reacted ammonium between the turning events, defined as f=(1
Keeling plot analysis

9
The basis of the Keeling plot method is conservation of mass. The ammonium 10 concentration of each location of the pile before the pile turnings can be expressed as Then, equations (6) and (7) are simplified as follows: 
11
These parameters all indicate that the organic matter degradation rate was much higher 12 in the piles with bulking agent. in the present experiments, of newly formed "light" NH4 + by the ammonification of 7 organic N, which has a low value (α=~1.000) of isotopic fractionation (Högberg, 1997).
8
The weight decrease in the piles with bulking agent (4,543±137 kg to 1,413±99 kg) was 9 greater than that in the piles without bulking agent (4,136±124 kg to 1,960±291 kg),
10
indicating that a relatively large amount of "light" NH4 + was supplied to the piles with 11 bulking agent. The δ 15 N value of NH4 + at the end of the experiments was significantly 12 higher in the piles with bulking agent (17.7±1.3‰) than in those without bulking agent
13
(11.8±0.9‰) (Fig. 2) , indicating that the nitrogen transformation rate after the supply of 14 newly formed ammonium was much higher in the piles with bulking agent.
15
In a previous work, we demonstrated that the use of bulking agent clearly reduced the 16 greenhouse gas N2O emission (up to 62.8%) when using the exact same scale and 17 methods of dairy manure composting as used in the present study (Maeda et al., 2013a).
18
Runs 2 and 3 in the previous work were identical to Runs 1 and 2 in this study. 
NO3
-were observed every two weeks ( Fig. 1) , it was suggested that the reactions organic-N occurs. δ 15 NH4 + levels were also determined for these samples, and we found 19 that the 15 N value of NH4 + was significantly enriched in the top pile samples (Fig. 3) . 3). We therefore performed a Keeling plot analysis to explain the phenomenon (Fig. 4A) . could be observed from the pile core zone at the end of the experiment in runs 1 and 2.
8
This phenomenon cannot be explained by NH3 volatilization because of its location in 9 the piles, and thus it could be achieved solely by the nitrification-denitrification process.
10
It is well known that high nitrification can occur in the latter stage of the composting compost core, where high organic matter degradation activity can be achieved.
23
(ii) This "light" ammonium is transported to the pile top zone by the upstream airflow 24 generated by heat in the compost core zone.
25
(iii) Significant nitrification, denitrification and NH3 volatilization occur in the pile top 26 zone, leading to highly enriched δ 15 NH4 + in this zone, but these phenomena 27 probably do not occur at significant levels in the pile side zone.
28
(ix) The nitrification rate exceeds the denitrification rate, leading to accumulation of 29 NO2 -in the pile top and side, which in turn contributes to significant denitrification and N2O emission just after the turning events.
1
On the other hand, the δ 15 NH4 + measurement of piles with and without bulking agent 2 did not explain why N2O emission could be mitigated by the use of bulking agent, and 3 thus further studies are needed. 
4
These contents were determined every two weeks, just before/after the turning events. 
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